Central and pulmonary vascular engorgement is a characteristic feature of congestive heart failure. It has been suggested many times that this vascular engorgement might be responsible for certain phenomena associated with congestive failure, such as stiffening of the lungs, dyspnea, and orthopnea. However, the simultaneous occurrence of pulmonary edema and other changes has made it difficult to single out the effects of simple vascular engorgement.
used. The subjects were studied in the seated position before, during and after a 2-minute period of suit inflation.
Submersion. Seated subjects were studied before, during and after submersion in water to the neck and with the head just below the surface. At this depth, the mean pressure at hip level during total submersion was approximately 60 mm. Hg or 1.2 PSI.
Ventilatory measurements. Ventilation was measured
with a wire screen flowmeter using a Statham differential strain gage. The amplified flow signal was either recorded directly or electrically integrated4 to record respiratory volume change. During the G suit experiment, subjects breathed through a mouth piece almost directly into the flowmeter. Before and during submersion the mouth piece led to a 2.5 foot length of 1 inch I.D. corrugated tubing which in turn was attached to the flowmeter. Although this provided an undesirably large dead space, the same arrangement was used during both control and submersion studies, and the respiratory rates remained at all times within the usual normal limits. Tidal volumes with this arrangement were greater than normal and amounted to about 1000 ml. during both control and submersion periods.
Esophageal pressure was measured using an esophageal balloon as described by Mead and Whittenberger (1) . The difference between esophageal pressure and mouth pressure was measured by means of a differential strain gage. This pressure, the "transpulmonary pressure," was recorded simultaneously with the flow and volume measurements.
From the recordings of flow, volume, and pressure, pulmonary compliance and resistance were measured as described by Mead and decrease in radioactivity over the test area while intrathoracic pressure was increased. This result was taken to indicate the probability that changes in thoracic radioactivity which occurred during G suit inflation at least partially reflected changes in intrathoracic blood volume.
G suit inflation after pretreatment uith hexamethonium.
Intravenous injections of hexamethonium bromide were given to seated subjects to lower systolic pressure to approximately 70 mm. Hg. There was a wide variation in the dosage required to accomplish this. The mean dose (four subjects) was 225 mgm. Central venous pressure, arterial pressure and pulmonary compliance were measured during G suit inflation before and after administration of hexamethonium.
G suit inflation during norepinephrine infusion. The central venous catheter was used to allow alternate 5-second intervals of central venous pressure measurement and infusion of norepinephrine at a constant rate. The rate of infusion was adjusted to maintain the systolic blood pressure at approximately 170 mm. Hg. Central venous pressure, arterial pressure, pulmonary compliance and thoracic radioactivity were evaluated before and during G suit inflation both before and with norepinephrine infusion.
RESULTS
Changes during the first 30 seconds of G suit inflation (Table I) The central venous pressure of each subject rose markedly upon inflation of the G suit. At 30 seconds, the mean increase in 13 subjects was 26.8 cm. H20. Pulmonary compliance decreased in every instance following G suit inflation (14 subjects). The mean control compliance was .217 L. per cm. H2O. At 30 seconds after G suit inflation the group mean was .093 L. per cm. H20.
Arterial pressure increased (8 subjects) by a group mean of 22 mm. systolic and 20 mm. diastolic at the 30-second point. The peak pressure, which occurred immediately after suit inflation, was slightly higher than this, but after a few seconds the pressure stabilized at a nearly constant level. There was a marked increase in radiographic pulmonary vascular density and in transverse cardiac diameter (4 subjects) as compared with control films showing the diaphragm at approximately the same level. All these changes were maximal within 15 seconds after G suit inflation. Thoracic radioactivity began a sharp increase with G suit inflation and reached a peak 15 to 30 seconds thereafter (5 subjects). There was no change in respiratory rate.
Changes during the first 30 seconds of submersion (Table II) The effect of submersion was similar to that of G suit inflation. Pulmonary compliance decreased from a mean control value of .168 L. per cm. H20 to .100 L. per cm. H20 with 30 seconds' submersion to the level of the neck (7 subjects) and to .077 L. per cm. H20 with 30 seconds' total submersion (8 subjects). Respiratory resistance was not greatly changed by submersion (4 subjects). Respiratory rate did not change with submersion.
Changes during prolonged G suit inflation
Further changes during the 2-minute period of G suit inflation are detailed in Table I Following the initial increase in radiographic pulmonary density with G suit inflation, definite but incomplete clearing of the increment in density was observed by fluoroscopy and by films during the 2 minutes of continued G suit pressure (4 subjects).
Thoracic radioactivity, after the initial increase with G suit inflation, decreased throughout the remainder of the 2 minutes of continued suit pressure in 4 of 5 subjects. In the remaining subject, thoracic radioactivity showed the usual initial increase with suit inflation, but did not decrease during the remainder of the 2-minute period.
Arterial pressure and respiratory rate did not change during this prolonged interval.
The finding that radiographic pulmonary density and thoracic radioactivity began to decrease while G suit pressure was maintained indicates that the intrathoracic blood volume was also decreasing. This was associated with decreasing central venous pressure and increasing compliance of the lungs. These changes all began within 30 seconds after G suit inflation and the return toward control values continued during the remaining period of constant G suit pressure.
Changes during prolonged submersion (Table II) The changes during submersion for 2 minutes were similar to those during prolonged G suit inflation. Following the initial decrease in pulmonary compliance with submersion, increasing compliance was observed. Changes during norepinephrine infusion (Table   IV) In 5 seated subjects norepinephrine infusion consistently produced an increase in central venous pressure and a decrease in compliance. There was no detectable change in thoracic radioactivity during norepinephrine infusion.
Changes during G suit inflation writh norepinephrine infusion (Table IV) G suit inflation during norepinephrine infusion resulted in a marked immediate increase in central venous pressure and a simultaneous decrease in pulmonary compliance. During the 2-minute period of constant G suit pressure, there was no significant further change in either of these values.
Thoracic radioactivity increased markedly with G suit inflation during norepinephrine infusion (3 subjects). During continued G suit pressure, thoracic radioactivity either remained constant or continued to increase slightly.
Immersion of arm in ice water during G suit inflation The effect of a strong autonomic stimulus was examined in 2 subjects by immersing one arm deeply in agitated ice water for 2 minutes. As indicated in Table V , this procedure alone caused a definite fall in compliance and an elevation in central venous pressure. Table VI shows the effect of immersing the arm in ice water coincident with G suit inflation. As with norepinephrine infusion, the initial changes in compliance and venous pressure tend to be maintained during the (3) .
The present evidence indicates that simple pulmonary vascular engorgement can produce a marked decrease in compliance, but the manner in which engorgement acts to produce this effect is not clear. It has been suggested that the lungs may be stiffened in some way by an increase in pulmonary intravascular pressures (3) (4) (5) (6) (7) (8) .
This factor would certainly be operative under the present conditions. It has been reported that inflation of a G suit causes an elevation of intravascular pressure throughout the pulmonary circulation comparable to the increase produced in the central venous pressure (9) . However, G suit inflation also increases intrathoracic blood volume, and the present study does not exclude this factor as a determinant of compliance changes.
Similar changes in compliance have been produced by increasing the pulmonary vascular pressure in experimental animals (4, 6, 7), and rapid intravenous infusions have been reported to produce a compliance fall in normal human subjects (10) . These results also suggest that simple pulmonary vascular engorgement can produce a decrease in compliance.
The mechanism of the decreased compliance in congestive heart failure appears to be somewhat more complicated. Brown, Fry, and Ebert (3) found that pulmonary compliance was decreased in patients with congestive failure, and the extent of the change appeared to be related to the severity of the failure. There was a good correlation between decrease in compliance and reduction in vital capacity. Examinations have been made of the effect on compliance of elevating pulmonary vascular pressures by exercise in patients with mitral stenosis (8, 11) . This often causes a decrease in compliance, but it may fail to do so in cases where compliance is already much reduced at rest. In such cases, the reduction in compliance may depend on the fibrotic pulmonary changes which are known to occur in severe mitral stenosis. It is probable that pulmonary edema also contributes to the reduced compliance of patients with congestive failure. Pulmonary edema produced by ANTU will lower compliance in the dog (12) . In general, it appears that simple pulmonary vascular engorgement can reduce compliance to the extent seen in congestive heart failure, but that the compliance reduction in this disorder may depend on other factors as well. Although most of the subjects were trained observers, only one complained spontaneously of dyspnea during G suit inflation. Two others described upon questioning a vague sense of shortness of breath during the experiments. The youth and vigor of the subjects as well as the acute nature of the experiments render difficult the interpretation of this subjective sensation. It is evident that the healthy young adult tolerates very low pulmonary compliance for short periods without experiencing dyspnea at rest.
On inflating the G suit and maintaining its pressure, there was at first an abrupt increase in central and pulmonary vascular engorgement, and then a gradual decrease, as indicated by a progressive decline in central venous pressure, in radiographic density of the lungs and in thoracic radioactivity, and by a simultaneous increase in compliance. Similar compliance changes occurred during submersion. These changes suggest that the initial abrupt increase in intrathoracic blood volume is being reduced by redistribution of blood to the periphery. The combination of a gain in peripheral blood volume occurring conjointly with a fall in central venous pressure might be produced by an overall fall in peripheral vascular tone, particularly venous tone. It might also be caused by pooling of blood in vascular regions which are under less than the mean externally applied pressure and which can accept additional blood from the arterial side until the local venous pressure rises sufficiently to open venous valves and re-establish a return flow into the general venous system. The first of these mechanisms would represent a vasodepressor response, the second a passive pooling. To investigate this subject further, trials were made of the effect of altering venomotor tone by appropriate drugs before G suit inflation.
Partial ganglionic blockade with hexamethonium greatly reduced the venous pressure rise after G suit inflation, possibly because of a decrease in "resting" venomotor tone, but the effect on compliance was unchanged. This response does not differentiate between the two mechanisms.
Pre-treatment with norepinephrine abolished the evidence of redistribution of blood from the central region back into the periphery. It is conceivable that this blocking effect might result either because the direct action of norepinephrine on vessels prevented the occurrence of a vasodepressor response or because overall venous tone was so increased that no significant passive pooling could occur. Central venous pressure was increased by norepinephrine alone and was very greatly increased by subsequent inflation of the G suit.
The existence of venomotor reflexes which are capable of producing a considerable increase in the central venous pressure is well established (13, 14) . Whether the present redistribution phenomenon represents an actual venodepressor response or passive pooling, it is apparent that the extent of the initial rise in venous pressure and the subsequent course of events depend very closely on venous tone. It is still not clear whether a decrease in venous tone occurs during the period of G suit inflation and contributes to the redistribution of blood.
The ice water experiments indicate that the nervous system can mediate changes in venous tone in normal subjects which are associated not only with an increase in central venous pressure but also with a considerable fall in compliance. By analogy with the other experiments in which central venous pressure is elevated, it appears likely that this decrease in compliance reflects some degree of pulmonary vascular engorgement resulting from a transfer of blood from the systemic to the pulmonary circulation. When cen-tral and pulmonary vascular engorgement are already present, as after G suit inflation, the nervous system can mediate an increase in venous tone which is able to sustain very high pressures and which apparently maintains pulmonary engorgement by resisting transfer of blood from the pulmonary to the systemic circulation. The 3. Administration of norepinephrine or immersion of an arm in ice water without suit inflation caused a moderate increase in central venous pressure and a moderate decrease in compliance.
4. When the G suit was inflated during norepinephrine infusion, the resultant elevation of central venous pressure and the drop in compliance were greater than in untreated subjects. Pretreatment with hexamethonium diminished the rise in central venous pressure which occurred with suit inflation, but did not affect the compliance changes.
5. It is suggested that the compliance changes induced by these procedures depend, at least partially, on varying degrees of pulmonary vascular engorgement and that this, in turn, is partially dependent, under the present experimental conditions, on peripheral venous tone.
